Passerines maintain low levels of fat in winter even though larger fat reserves would provide better insurance against starvation. This is believed to be a result of predation risk and/or metabolic expenditure increasing with the amount of fat carried. Recent empirical studies indicate that the effect of increased mass on predation risk is small, but the effect on metabolic expenditure is large. Using dynamic modelling, I investigated how mass-dependent costs affect the pattern of fat gain. I found that increases in metabolic expenditure were sufficient to explain strong regulation of the level of fat, but that increases in direct predation risk cannot be excluded. A plausible explanation for the increase in metabolic expenditure is if the extra weight is compensated for by a parallel gain in flight muscle. Such compensation means that an increase in instantaneous predation risk can be avoided, but that costs depending on an increase in energy intake may occur instead. For example more time spent foraging increases exposure to predators. Hence, one form of predation risk (impaired ability to escape from an attacking predator) may be traded for another (more time spent foraging). This will be beneficial if this extended foraging is not risky, whereas failure to compensate for the extra mass would mean the risk of being caught by a predator increasing considerably. Besides the widely recognized trade-off between starvation and predation, this means that there may also be a trade-off between different forms of predation in wintering birds.
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In winter, maximum fat deposits would minimize the risk of starvation for small birds at northern latitudes, while minimum deposits would make the birds light and agile, minimizing predation risk and facilitating foraging. Depending on their interest in this starvation-predation trade-off, researchers have made a number of empirical studies of fat regulation in wintering passerines. For example, fat regulation has been studied as a seasonal strategy (Lehikoinen 1987; Rogers 1987; Haftorn 1989) , with respect to social dominance (Ekman & Lilliendahl 1993; Gosler & Carruthers 1999) , as a response to the presence of predators (Gosler et al. 1995; Lilliendahl 1997; Lilliendahl 2000) and in the context of the effect of fat on take-off performance (Witter et al. 1994; Metcalfe & Ure 1995; Kullberg et al. 1996 Kullberg et al. , 1998 Kullberg 1998; Veasy et al. 1998; van der Veen 1999; van der Veen & Lindström 2000) . There has also been a great interest from theoretical modellers in this problem (e.g. Lima 1986; McNamara & Houston 1990; Houston & McNamara 1993; Houston et al. 1993 Houston et al. , 1997 Bednekoff & Houston 1994a, b; Grubb & Pravosudov 1994; Clark & Ekman 1995; Bednekoff 1996; Brodin 2000; Pravosudov & Lucas 2001) . The subject has been reviewed by Witter & Cuthill (1993) and Pravosudov & Grubb (1998) .
The fact that wintering birds maintain relatively small fat reserves makes sense only if there are mass-dependent costs, that is, if costs increase with reserves carried. Out of a number of potential costs associated with carrying extra mass, two may be especially important (e.g. Witter & Cuthill 1993 ). The first is mass-dependent predation risk when increased reserves directly increase the mortality rate from predation. The second is mass-dependent metabolic expenditure, when the net gain rate of foraging decreases with increasing body mass (McNamara & Houston 1990; Houston & McNamara 1993) .
It must clearly be costly for flying organisms to be extremely fat. For example, a bird carrying 50% of lean body mass as extra fat will have impaired flying abilities (e.g. Kullberg et al. 1996) . The amount of fat that will be metabolized overnight in wintering passerines is much smaller, around 7-12% of lean body mass (Haftorn 1989).
